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(57) ABSTRACT 

The present invention is directed to a method and apparatus 
for controlling the ?oWback of proppants that have been 
placed inside fractures of a subterranean formation. The 
apparatus is de?ned by a plurality of solid balls, Which 
comprise compressed springs that are encapsulated in a mass 
of ?brous material and an aqueous soluble mixture of a ?ller 
material and an adhesive. 1n the method according to the 
present invention, the solid balls are mixed in a viscous 
slurry and injected into the fractures With the proppants. 
Over time the aqueous soluble mixture dissolves releasing 
the compressed springs to ?ll the openings of the fractures. 
The ?brous network and expanded springs, Which remain, 
act as a ?lter or screen to restrict the movement of the 

proppants from ?owing back to the surface during produc 
tion of the Well. 

30 Claims, 7 Drawing Sheets 
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IN-SITU FILTERS, METHOD OF FORMING 
SAME AND SYSTEMS FOR CONTROLLING 
PROPPANT FLOWBACK EMPLOYING 

SAME 

BACKGROUND OF THE INVENTION 

The present invention relates to a method and apparatus 
for forming in-situ ?lters in subterranean formations, and 
more particularly, to an improved method and mechanical 
apparatus for controlling the ?oWback of proppants that 
have been placed inside fractures in the subterranean for 
mation. 

Transport of particulate solids during the production of 
hydrocarbons from a subterranean formation is a continuing 
problem. The transported solids can erode or cause signi? 
cant Wear in the hydrocarbon production equipment used in 
the recovery process. The solids also can clog or plug the 
Wellbore thereby limiting or completely stopping ?uid pro 
duction. Further, the transported particulates must be sepa 
rated from the recovered hydrocarbons adding further 
expense to the processing. The particulates Which are avail 
able for transport may be present due to an unconsolidated 
nature of a subterranean formation and/ or as a result of Well 

treatments placing particulates in a Wellbore or formation, 
such as, by gravel packing or propped fracturing. 

In the treatment of subterranean formations, it is common 
to place particulate materials as a ?lter medium and/or a 
proppant in the near Wellbore area and in fractures extending 
outWardly from the Wellbore. In fracturing operations, prop 
pant is carried into fractures created When hydraulic pressure 
is applied to these subterranean rock formations to a point 
Where fractures are developed. Proppant suspended in a 
viscosi?ed fracturing ?uid is carried outWardly aWay from 
the Wellbore Within the fractures as they are created and 
extended With continued pumping. Upon release of pumping 
pressure, the proppant materials remain in the fractures 
holding the separated rock faces in an open position forming 
a channel for ?oW of formation ?uids back to the Wellbore. 

Proppant ?oWback is the transport of proppants back into 
the Wellbore With the production of formation ?uids folloW 
ing fracturing. This undesirable result causes undue Wear on 
production equipment, the need for separation of solids from 
the produced hydrocarbons and occasionally also decreases 
the e?iciency of the fracturing operation since the proppant 
does not remain Within the fracture and may limit the Width 
or conductivity of the created ?oW channel. Proppant ?oW 
back often may be aggravated by What is described as 
“aggressive” ?oWback of the Well after a stimulation treat 
ment. Aggressive ?oWback generally entails ?oWback of the 
treatment ?uid at a rate of from about 0.001 to about 0.1 
barrels per minute (BPM) per perforation of the treatment 
?uids Which Were introduced into the subterranean forma 
tion. Such ?oWback rates accelerate or force closure of the 
formation upon the proppant introduced into the formation. 
The rapid ?oWrate can result in large quantities of the 
proppant ?oWing back into the Wellbore before closure 
occurs or Where inadequate bridging Within the formation 
occurs. The rapid ?oWback is highly desirable for the 
operator as it returns a Wellbore to production of hydrocar 
bons signi?cantly sooner than Would result from other 
techniques. 

Currently, the primary means for addressing the proppant 
?oWback problem is to employ resin-coated proppants or 
resin consolidation of the proppant Which are not capable of 
use in aggressive ?oWback situations. Further, the cost of 
resin-coated proppant is high, and is therefore used only as 
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2 
a tail-in in the last ?ve to tWenty ?ve percent of the proppant 
placement. Resin-coated proppant is not alWays e?fective 
since there is some di?iculty in placing it uniformly Within 
the fractures and, additionally, the resin coating can have a 
deleterious effect on fracture conductivity. Resin coated 
proppant also may interact chemically With common frac 
turing ?uid crosslinking systems such as guar or hydrox 
ypropylguar With organo-metallics or borate crosslinkers. 
This interaction results in altered crosslinking and/or break 
times for the ?uids thereby a?fecting placement. Another 
means shoWing reasonable effectiveness has been to gradu 
ally release fracturing pressure once the fracturing operation 
has been completed so that fracture closure pressure acting 
against the proppant builds sloWly alloWing the proppant 
particles to stabiliZe before ?oWback of the fracturing ?uid 
and the beginning of hydrocarbon production. Such sloW 
return is undesirable, hoWever, since it reduces the produc 
tion from the Wellbore until the treatment ?uid is removed. 

In unconsolidated formations, it is common to place a 
?ltration bed of gravel in the near-Wellbore area in order to 
present a physical barrier to the transport of unconsolidated 
formation ?nes With the production of hydrocarbons. Typi 
cally, such so-called “gravel packing operations” involve the 
pumping and placement of a quantity of gravel and/or sand 
having a mesh siZe betWeen about 10 and 60 mesh on the 
US. Standard Sieve Series into the unconsolidated forma 
tion adjacent to the Wellbore. It is sometimes also desirable 
to bind the gravel particles together in order to form a porous 
matrix through Which formation ?uids can pass While strain 
ing out and retaining the bulk of the unconsolidated sand 
and/or ?nes transported to the near Wellbore area by the 
formation ?uids. The gravel particles may constitute a 
resin-coated gravel Which is either pre-cured or can be cured 
by an over?ush of a chemical binding agent once the gravel 
is in place. It has also been knoWn to add various hardenable 
binding agents or hardenable adhesives directly to an over 
?ush of unconsolidated gravel in order to bind the particles 
together. 
US. Pat. Nos. 5,330,005, 5,439,055 and 5,501,275 dis 

close a method for overcoming the di?iculties of resin 
coating proppants or gravel packs by the incorporation of a 
?brous material in the ?uid With Which the particulates are 
introduced into the subterranean formation. The ?bers gen 
erally have a length ranging upWardly from about 2 milli 
meters and a diameter of from about 6 to about 200 microns. 
Fibrillated ?bers of smaller diameter also may be used. The 
?bers are believed to act to bridge across constrictions and 
ori?ces in the proppant pack and form a mat or frameWork 
Which holds the particulates in place thereby limiting par 
ticulate ?oWback. The ?bers typically result in a 25 percent 
or greater loss in permeability of the proppant pack that is 
created in comparison to a pack Without the ?bers. While 
this technique may function to limit some ?oWback, it fails 
to secure the particulates to one another in the manner 
achieved by use of resin coated particulates. 

US. Pat. No. 5,551,514 discloses a method for sand 
control that combines resin consolidation and placement of 
a ?brous material in intimate mixture With the particulates to 
enhance production Without a gravel pack screen. 

US. Pat. No. 5,501,274 discloses a method for reducing 
proppant ?oWback by the incorporation of thermoplastic 
material in particulate, ribbon or ?ake form With the prop 
pant. Upon deposition of the proppant and thermoplastic 
material in the formation, the thermoplastic material softens 
and causes particulates adjacent the material to adhere to the 
thermoplastic creating agglomerates. The agglomerates then 
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bridge With the other agglomerates and other particulates to 
prevent ?oWback from the formation. 

SUMMARY OF THE INVENTION 

The present invention provides methods and apparatuses 
for controlling the ?oWback of proppants that have been 
placed inside fractures of subterranean formations, Which 
meet the needs described above and overcome the de?cien 
cies of the prior art. 

In one embodiment of the present invention, a method of 
forming an in-situ ?lter for controlling ?oWback of prop 
pants injected into a fracture of a subterranean formation is 
provided. The method includes the step of injecting an 
expandable member into the fracture. Prior to injecting the 
expandable member into the fracture, the expandable mem 
ber is compressed and inserted into the center of a mass of 
a ?brous network. The compressed structure is then placed 
inside of a mold cavity. An aqueous soluble mixture con 
taining a ?ller material and adhesive is then injected into the 
mold cavity and alloWed to cure until it forms a solid 
structure, Which encapsulates the expandable member. The 
solid structure containing the expandable member is then 
removed from the mold cavity and ready for injection into 
the fracture. The encapsulated compressed expandable 
member is preferably mixed in a proppant slurry prior to 
being injected into the fracture. After the expandable mem 
ber has been injected into the fracture, the soluble mixture 
making up the solid structure dissolves over time leaving a 
network of ?brous material and the expandable members, 
Which act as a ?lter or a screen to restrict movement of the 

proppants during production. 
In another embodiment, the present invention is directed 

to an in-situ ?lter for controlling ?oWback of proppants 
formed in a fracture of a subterranean formation, Which 
comprises a netWork of ?brous material and a plurality of 
interspersed expandable members. Preferably, the expand 
able member is a spring, e.g., a torsion spring, compression 
spring, open coil spring, helical spring or clock spring. The 
encapsulated compressed expandable member can be 
formed into a number of different con?gurations, including, 
e.g., a solid ball having a spherical or elliptical shape or a 
solid structure having a generally bird or shuttlecock con 
?guration. 

In yet another embodiment, the present invention pro 
vides a system for controlling ?oWback of proppants 
injected into a fracture of a subterranean formation. The 
system comprises a plurality of the encapsulated compressed 
expandable members placed in the fracture adjacent to a 
Wellbore formed Within the subterranean formation. A 
?brous material and aqueous soluble ?ller material are 
encapsulated With the compressed expandable members. As 
the soluble material dissolves, the compressed expandable 
members are released from the encapsulated state and 
expand to form an in-situ ?lter in the fracture adjacent to the 
Wellbore. 

Other and further objects, features and advantages of the 
present invention Will be readily apparent to those skilled in 
the art upon a reading of the description of preferred 
embodiments Which folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is better understood by reading the 
folloWing description of non-limitative embodiments With 
reference to the attached draWings, Which are brie?y 
described as folloWs: 
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4 
FIG. 1 illustrates a torsion spring in accordance With the 

present invention shoWn in its uncompressed state, com 
pressed state and joined With other like torsion springs to 
form an expandable structure in accordance With the present 
invention. 

FIG. 2 illustrates the steps carried out in forming a solid 
ball, Which encapsulates a plurality of compressed torsion 
springs in accordance With one embodiment of the present 
invention. 

FIG. 3 illustrates expansion of a plurality of encapsulated 
torsion springs once an aqueous soluble mixture used to 
encapsulate the torsion springs has dissolved. 

FIG. 4 illustrates the steps in forming an expandable ?lter 
structure in the form of a shuttlecock in accordance With 
another embodiment of the present invention. 

FIG. 5 illustrates expansion of the expandable ?lter struc 
ture shoWn in FIG. 4 once the mixture of ?ller material and 
adhesive used to encapsulate the clock spring used in 
forming this embodiment has dissolved. 

FIG. 6 shoWs the dissolution rate of solid balls encapsu 
lating compression springs formed using a mid-range tem 
perature aqueous soluble mixture as a function of time at 
different temperatures. 

FIG. 7 shoWs the dissolution rate of solid balls encapsu 
lating compression springs formed using a high-range tem 
perature aqueous soluble mixture as a function of time at 
different temperatures. 

It is to be noted, hoWever, that the appended draWings 
illustrate only typical embodiments of this invention and are 
therefore not to be considered limiting of its scope, as the 
invention may admit to other equally effective embodi 
ments. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The details of the present invention Will noW be discussed 
With reference to the FIGS. Turning to FIGS. 1 and 2, the 
steps of forming one embodiment of an in-situ ?lter accord 
ing to the present invention is illustrated. In the ?rst step, a 
number of torsion springs prepared from metal Wire are 
uniformly compressed and inserted into the center of a mass 
of ?brous netWork such as stainless steel Wool or composite 
?brous sponge. The compressed structure is then placed 
inside a mold, as shoWn in FIG. 2. 

Next, an aqueous soluble mixture of ?ller and adhesive is 
injected into the mold cavity to encapsulate the compressed 
springs. After curing, the contents inside the mold are 
transformed into a solid ball. This solid ball can be spherical 
or elliptical in shape. Other shapes are also possible as those 
of ordinary skill in the art Will appreciate. Preferably, the ball 
has a diameter smaller than that of a fracture to alloW it to 
enter the fracture. 

Next, a number of these soluble solid balls are mixed With 
a slurry containing the proppants, Which are to be restrained. 
The slurry mixture containing the solid balls and proppants 
is then pumped doWn hole during the fracturing treatment 
step, preferably during the tail-in of proppant stage. Ideally, 
the solid balls are injected into the fractures adjacent to the 
Wellbore. The solid balls then begin to dissolve. As this 
happens, the springs re-expand so that the entire ?brous 
structure is enlarged (as shoWn in FIG. 3) to cause it to be 
bridged Within the fracture. After the ?ller material dis 
solves, the remaining ?brous netWork and springs act as a 
?lter or a screen to restrict the movement of proppant from 
producing back during production of the Well. 
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The torsion springs formed into the soluble solid balls can 
be formed of a number of different materials, including, e.g., 
shape memory alloys (such as Nitinol) and shape memory 
polymers. Shape memory polymers are knoWn to return to 
their original shape after being exposed to certain tempera 
tures. As those of ordinary skill in the art Will appreciate, 
other types of springs may be used in place of a torsion 
spring in the embodiment shoWn in FIGS. 143. For example, 
a compression spring, an open coil spring, a helical spring or 
other similar device may be substituted for a torsion spring. 

The aqueous soluble ?ller material preferably mainly 
comprises glycerin, Wintergreen oil, oxyZolidine oil (animal, 
vegetable or mineral) and Water. The adhesive is preferably 
formed mainly of collagen. As those of ordinary skill in the 
art Will appreciate, other compositions may be employed in 
forming the ?ller material, such as aliphatic polyesters, 
polylactic acid, poly(lactides), poly(anhydrides) and adhe 
sive. Appropriate compositions of ?ller and adhesive are 
mixed to form a viscous slurry suitable for injection mold 
ing. Preferably, the balls are manufactured to have a speci?c 
gravity of about 0.5 to 2.0. More preferably, the balls are 
manufactured to have a speci?c gravity of about 1.1 to 1.2. 
Light Weight beads are optionally embedded With the ?ller 
material to help adjust the speci?c gravity of the balls. The 
balls can be made lighter by using, e.g., pearlite, or heavier 
by using, e.g., sand. 
An alternate embodiment of the present invention is 

shoWn in FIG. 4. This embodiment employs a clock spring 
to form an expandable structure that has a con?guration 
similar to that of a bird or shuttlecock of a badminton. This 
expandable structure is formed as folloWs. First, one end of 
a plurality of segments of stainless metal Wires or composite 
polymer strands is Welded, soldered or otherWise secured to 
the outer coil of the spring, as shoWn in the second draWing 
of FIG. 4. The other end of the segments is anchored 
together and attached to a heavy object, e.g., a ball formed 
of ceramic, bauxite, or metal. In one version of this embodi 
ment, a ?exible ?lter sheath (e.g., a stainless metal Woven 
Wire cloth) With mesh siZes greater than 60-mesh is attached 
to the spring and Wires. 

Next, the expandable structure is Wound to signi?cantly 
reduce the overall diameter of the spring, as shoWn in the 
fourth draWing of FIG. 4. A temperature-activated adhesive 
is then applied to hold the structure in this compressed 
con?guration. Preferably, the structure has a diameter 
smaller than that of a fracture to alloW it to enter the fracture. 
At a high temperature (e.g., preferably higher than 160° F.), 
the adhesive melts alloWing the spring to unWind thereby 
expanding the entire structure. 

In an alternative version of the embodiment shoWn in 
FIG. 4, a curable and aqueous soluble ?ller material is used 
in place of the temperature-activated adhesive to encapsulate 
the expandable structure While it is in the compressed state. 
After curing, the contents are transformed into a rigid 
structure just as in the previously described embodiment. 
After the ?ller material dissolves, the spring unWinds and 
expands the entire structure. The use of an aqueous soluble 
?ller material alone in place of an aqueous soluble mixture 
of ?ller and adhesive may also be used in the embodiment 
shoWn in FIGS. 143 described above. 
The expandable structures of FIG. 4 are mixed With a 

slurry containing the proppants, Which are to be restrained. 
The slurry mixture containing the expandable shuttlecock 
shaped structure and proppants is then pumped doWn hole 
during the fracturing treatment, preferably during the tail-in 
of proppant stage. Ideally, the expandable shuttlecock 
shaped structures are placed in the fractures adjacent to the 
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6 
Wellbore. Preferably, the expandable structures settle in the 
fractures With the heavy object side being Wedged deeper 
into the fracture than the clock spring side. 
As the soluble material and/or adhesive dissolves, the 

compressed structure re-expands under doWnhole condi 
tions. More speci?cally, as the spring unWinds, the entire 
structure enlarges to cause it to be bridged Within the 
fracture. The free ends of the Wires help to grip the fracture. 
As a result, the spring, Wire segments, and ?lter sheath if 
employed, together act as a ?lter or a screen to restrict the 
movement of the proppants and prevent them from produc 
ing back during production of the Well. 

FIGS. 6 and 7 illustrate the dissolution rate of a ball (i.e., 
ball diameter) as a function of time at various doWn hole 
temperatures. As an example, the degradable balls knoWn as 
BioBalls, are currently commercially available through 
Santrol of Fairmount Minerals (Chardon, Ohio). The 
BioBalls are composed of organic compound collagen, the 
most ?brous protein found in living organisms. As a ball is 
exposed to temperature and time, the dissolution of the 
material decreases the diameter of the ball. The higher the 
temperature, the diameter becomes smaller faster. FIG. 6 
graphs the dissolution rates for mid-range temperature 
BioBalls (132° F. to 176° F.). Similarly, FIG. 7 graphs the 
dissolution rates for high-range temperature BioBalls (149° 
F. to 248° F.). 

Therefore, the present invention is Well adapted to carry 
out the objects and attain the ends and advantages mentioned 
as Well as those that are inherent therein. While numerous 

changes may be made by those skilled in the art, such 
changes are encompassed Within the spirit of this invention 
as de?ned by the appended claims. 

What is claimed is: 
1. A method of forming an in-situ ?lter for controlling 

?oWback of proppants injected into a fracture of a subter 
ranean formation comprising the step of injecting a spring 
into the fracture. 

2. The method of forming an in-situ ?lter according to 
claim 1 further comprising the steps of compressing the 
spring and inserting it into a mass of a ?brous netWork 
before the step of injecting the spring into the fracture. 

3. The method of forming an in-situ ?lter according to 
claim 2 further comprising the step of placing the com 
pressed spring and ?brous netWork into a mold cavity after 
the steps of compressing the spring and inserting it into the 
mass of the ?brous netWork. 

4. The method of forming an in-situ ?lter according to 
claim 3 further comprising the step of injecting an aqueous 
soluble mixture into the mold cavity after the step of placing 
the compressed spring and ?brous netWork into the mold 
cavity. 

5. The method of forming an in-situ ?lter according to 
claim 4 further comprising the step of curing the aqueous 
soluble mixture until it forms a solid structure, Which 
encapsulates the compressed spring and ?brous netWork, 
after the step of injecting an aqueous soluble mixture into the 
mold cavity. 

6. The method of forming an in-situ ?lter according to 
claim 5 further comprising the step of removing the solid 
structure containing the compressed spring and ?brous net 
Work from the mold cavity after the step of curing the 
aqueous soluble mixture until it forms the solid structure. 

7. The method of forming an in-situ ?lter according to 
claim 6 further comprising the step of mixing the solid 
structure containing the compressed spring and ?brous net 
Work With a proppant slurry after the step of removing the 
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solid structure containing the compressed spring and ?brous 
network from the mold cavity. 

8. The method of forming an in-situ ?lter according to 
claim 7 further comprising the step of injecting the mixture 
of the solid structure containing the compressed spring and 
?brous netWork and the proppant slurry into the fracture 
after the step of mixing the solid structure containing the 
compressed spring and ?brous netWork With the proppant 
slurry. 

9. The method of forming an in-situ ?lter according to 
claim 8 further comprising the step of dissolving the soluble 
mixture forming the solid structure after the spring has been 
injected into the fracture thereby releasing the spring from 
the compressed state, Which together With the ?brous net 
Work form the in-situ ?lter after the step of injecting the 
mixture of the solid structure containing the compressed 
spring and ?brous netWork and the proppant slurry into the 
fracture. 

10. An in-situ ?lter for controlling ?oWback of proppants 
comprising: 

a netWork of ?brous material; and 
a plurality of interspersed springs Wherein the springs are 

clock springs and a plurality of elongated members are 
attached at one end to each clock spring. 

11. The in-situ ?lter according to claim 10 Wherein the 
?brous netWork comprises materials selected from the group 
consisting of stainless steel Wool, a composite ?brous 
sponge and combinations thereof. 

12. The in-situ ?lter according to claim 10 Wherein 
another end of the plurality of elongated members are 
anchored by, and attached to, a ball. 

13. The in-situ ?lter according to claim 12 further com 
prising a ?exible ?lter sheath attached to each spring and 
associated elongated members. 

14. The in-situ ?lter according to claim 10 Wherein the 
springs comprise at least one of the folloWing: a stainless 
steel Wire or a composite polymer. 

15. The in-situ ?lter according to claim 13 Wherein the 
?exible ?lter sheath is formed of a stainless Woven Wire 
cloth having a mesh siZe greater than 60-mesh. 

16. A system for controlling ?oWback of proppants 
injected into a fracture of a subterranean formation com 
prising a plurality of encapsulated compressed springs 
placed in the fracture adjacent to a Wellbore formed Within 
the subterranean formation. 

17. The system for controlling ?oWback of proppants 
according to claim 16 Wherein a mass of ?brous material is 
encapsulated With the compressed springs. 

18. The system for controlling ?oWback of proppants 
according to claim 17 Wherein an aqueous soluble mixture 
comprising a ?ller material is encapsulated With the com 
pressed springs. 
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19. The system for controlling ?oWback of proppants 

according to claim 18 Wherein the ?ller material comprises 
glycerin, Wintergreen oil, oxyZolidine oil and Water. 

20. The system for controlling ?oWback of proppants 
according to claim 18 Wherein the aqueous soluble mixture 
further comprises an adhesive. 

21. The system for controlling ?oWback of proppants 
according to claim 20 Wherein the adhesive comprises 
collagen. 

22. The system for controlling ?oWback of proppants 
according to claim 18 Wherein the aqueous soluble mixture 
dissolves under doWnhole conditions causing the com 
pressed springs to be released from the encapsulated state 
and expand to form an in-situ ?lter in the fracture adjacent 
to the Wellbore. 

23. The system for controlling ?oWback of proppants 
according to claim 22 Wherein the aqueous soluble mixture 
dissolves in approximately 3 to 8 hours. 

24. The system for controlling ?oWback of proppants 
according to claim 22 Wherein the aqueous soluble mixture 
dissolves in temperatures greater than approximately 55° C. 

25. The system for controlling ?oWback of proppants 
according to claim 16 Wherein each of the compressed 
springs comprises at least one spring selected from the group 
consisting of a torsion spring, a compression spring, an open 
coil spring, a helical spring and a clock spring. 

26. The system for controlling ?oWback of proppants 
according to claim 25 Wherein the springs are clock springs 
and a plurality of elongated members are attached at one end 
to each clock spring. 

27. The system for controlling ?oWback of proppants 
according to claim 26 Wherein the other end of the plurality 
of elongated members are anchored by, and attached to, a 
ball. 

28. The system for controlling ?oWback of proppants 
according to claim 27 further comprising a ?exible ?lter 
sheath attached to each spring and associated elongated 
members. 

29. The system for controlling ?oWback of proppants 
according to claim 26 Wherein the elongated members are 
formed of a material selected from the group of a stainless 
steel Wire and a composite polymer. 

30. The system for controlling ?oWback of proppants 
according to claim 28 Wherein the ?exible ?lter sheath is 
formed of a stainless Woven Wire cloth having a mesh siZe 
greater than 60-mesh. 


